Introduction
Gestational pyelonephritis (GP) is an acute inflammatory infection affecting mainly the interstitial tissue, tubular apparatus, and the walls of the renal collecting system, with the onset during the current pregnancy [1, 2] . GP is one of the most common and serious diseases of the middle and second half of pregnancy, which complicates approximately 6 % of pregnancies, and is one of the leading causes of non-obstetric pre-delivery hospitalization [3, 4] . In the past, epidemiological data showed that the incidence of gestational pyelonephritis (GP) in pregnant women reached 10 % [5] , but with the improvement of pre-delivery observation, the incidence of acute pyelonephritis has decreased in recent years. Currently, the term "acute and chronic gestational pyelonephritis" is used, which includes pyelonephritis developing during pregnancy, childbirth, and in the postpartum period. The symptoms of acute pyelonephritis in pregnant women are the same as in secondary acute pyelonephritis of other aetiology. The onset of the disease is acute; it is often characterized with a severe course with intoxication. The clinical manifestations include pain in the affected kidney, hectic rise of body temperature, the following are often observed: headache, general weakness, significant deterioration of general condition, chills. Sometimes there are symptoms of renal colic. Urosepsis may develop [6, 7] .
GP occurs more often in the first than in repeated birth, and has a negative effect on the course of pregnancy and foetal condition (high abortion incidence, anaemia, early gestoses and preeclampsia, growth retardation, and foetal distress) [3] , and the new-borns often have the signs of intrauterine infection. In addition, such children are more susceptible to purulent and septic diseases in the postnatal period of life [4] . The frequency of asymptomatic bacteriuria does not increase during pregnancy compared with non-pregnant individuals [8] , but physiological and anatomical changes that cause urinary stasis during pregnancy increase the risk of development of the clinical manifestations of the disease [9] , especially in the middle of pregnancy [10] , and more commonly on the right [3, 7] . Changes in the endocrine profile in pregnant women have a certain negative effect on the urinary tract. Obviously, the pregnancy hormones, which are active from the very beginning of pregnancy, affect the tonus of the entire urinary tract in the first months of pregnancy, but enlargement of the uterus mechanical factors play a certain role, disturbing the urine outflow from the kidneys [2, 11] .
It should be noted that gestational pyelonephritis has a negative effect not only on the body of the mother, but also on the foetus: it promotes the development of foetal hypotrophy, reduction of body weight of the new-born, increases the risk of stillbirth.
Treatment of PN in pregnant women is currently quite aggressive, in particular, all patients are hospitalized to an in-patient department and undergo antibiotic therapy until afebrile rates within 24 hours and improved clinical symptoms are achieved [12, 20] to minimize kidney damage and adverse effects on the foetus.
After gestational pyelonephritis, the kidney function remains low in 20 % of women [7] . In gestational period it is important to use medicinal products that do not cause embryotoxic effect, such herbal preparations [5, 11] . Physicians may take advantage of the medicinal product Canephron N, which is especially popular due to its herbal nature, good tolerance, absence of adverse effects on the foetus, and a fairly extensive and successful use in obstetrics [3] .
Aim of research
Improve the treatment of patients with gestational pyelonephritis with the help of the herbal medicinal product Canephron N.
Materials and methods
Open label, single centre, prospective, comparative (parallel group) study. The study observed 60 pregnant women with inflammatory diseases of the upper urinary tract: acute gestational pyelonephritis (n=60). Depending on the chosen treatment, the patients were divided into 2 groups: the treatment group (n=30) received antibiotic therapy to eliminate clinical symptoms and laboratory manifestations for 7 days + Canephron N in standard dosages with subsequent switch to Canephron N within 3 months to prevent the relapse of the inflammatory infection.
Control group (n=30): received standard antibiotic therapy to eliminate clinical symptoms and laboratory manifestations for 7 days without further therapy with Canephron N.
Canephron N was prescribed as a solution (aqueous-alcohol extract) at the dose of 50 drops 3 times daily or 2 tablets 3 times daily for 30 days.
Patients were chosen by randomization. In order to evaluate the effectiveness of rehabilitation and prevention measures, the study included pregnant women with PN, which developed before gestational 30 week.
Inclusion criteria: documented diagnosis of gestational pyelonephritis. Age of subjects: 18-45 years.
Exclusion criteria: malformations of the urinary tract, individual intolerance to the components of the medicinal product Canephron N, presence of coral calculi and concretions affecting the urodynamics, diabetes mellitus, chronic renal failure, and absence of consent to participate in the study.
These groups were comparable in age (19 to 35 years), parity, presence of somatic pathology, and duration of hospitalization. All pregnant women were consulted by a physician, urologist, gynaecologist, and nephrologist. Treatment took place at the in-patient department.
Clinical examination methods were as follows: complete blood count and urinalysis, serum creatinine count and serum urea, and ultrasound. Culture was taken at admission, on day 14, day 35, and day 90 of therapy. Urine for culture and sensitivity to antibacterial drugs was obtained with the help of Nelaton 6 Fr.catheter, clinically significant bacteriuria value was >10
5 CFU of uropatogen/mL in urine.
The ultrasonography of the kidneys was performed with recording of the pulsation index (PI) and the resistance index (RI) in the renal artery and in the segmental, interlobular and arcuate arteries of the kidney. Ultrasonography and, if necessary, an NMR imaging recommended by the EAU (2015, grade B) for pregnancy testing due to the minimal impact of these methods on foetal development. X-ray and radioisotope tests are contraindicated in pregnant women because of the possible harmful effects on the foetus. Endoscopic studies are undesirable, as well.
Statistical processing of variation series included the calculation of mean values (M) and mean errors (m). Comparison of variation series was carried out using the Student's t-test.
Result
The average age of pregnant women at the time of diagnosing was 23±6.23 years (± mean standard deviation), it was the first pregnancy for 39 women (65 %).
Pregnant women with acute inflammation in the kidneys (60) were hospitalized to the in-patient department during the following periods of gestation: week 12-16 -11 (17.5 %) cases, week 16-22 -22 (36.7 %) cases, week 23-30 -27 (45.8 %) cases. At the time of admission all patients received cephalosporin antibiotics, and once culture was obtained, the pregnant women proceeded with the latter or switched to another antibacterial preparation within 7 days, based on their sensitivity.
The most common complaints at admission to the in-patient department were as follows: lumbar pain (96.2 %), dysuria (70.2 %), rise in temperature above 38 C (64.4 %), chills (31.9 %), and other symptoms (50.3 %). According to urinalysis, pyuria was present in 100 % of cases, and microscopic haematuria -in 38.2 % of cases.The average haemoglobin values at admission were 111±6.7 g/L. The average leukocyte count in the blood was 12.1±4.6×109/L. The average body temperature at admission was 37.5±0.9 Celsius and the Pasternatsky's symptom (Costovertebral angle At admission all patients underwent obstetric ultrasound scan, and all of them were normal. In 78 (65 %) patients, according to the ultrasound scan data, normal ureteral patency was observed, in 43 (35.8 %) cases ureterohydronephrosis was observed, 12 of which had renal stents installed by the end of delivery, in the rest of cases of ureterohydronephrosis the knee-elbow position was sufficient.
Bacteriuria was detected in 100 % of patients with prevalence of E. coli in 84.2 % (101 of 120) of cases; other organisms were Klebsiella Spp. (9.17 %, 11 of 120) and Proteus Spp. (6.67 % 8 of 120), which were most sensitive to ceftriaxone (81.55 % of cases), cefazolin (79.5 %), amoxicillin + clavulanic acid (77.1 % of cases), cefotaxime (72.6 %), gentamicin (60.57 % of cases).
Following the distribution into groups, the women in the treatment group proceeded with the treatment with Canephron® N for the purposes of rehabilitation, no treatment was prescribed in the control group. By 10 day in the treatment group with GP bacteriuria was detected in 3 of 30 (10 %) patients, and in the control group -in 4 of 30 (13.3 %) GP patients (p 1: 2 >0.05), by 30 day in the treatment group of GP patients bacteriuria was detected in 2/30 (6.67 %) patients, and in the control group -in 5/30 (16.7 %) patients (p 1: 2 <0.05), by 60 day in the treatment group -2/30 (6.67 %), in the control group -8/30 (26.7 %) (p 1: 2 <0.05), respectively, by 90 day -3/30 (10 %) and 10 (33.3 %), respectively (p 1: 2 <0.05). Data on bacteriuria in patients in two GP groups are shown in Fig. 1 . According to the above table, in GP patients in the treatment group by 30 day the number of patients with bacteriuria was by 2-fold lower compared to the control group, by 4-fold lower by 60 day, and by 3-fold lower by 90 day, respectively.
The disease relapsed in 1 of 30 (3.33 %) GP patients in the treatment group and 3/30 (10 %) patients in the control group (p 1: 2 <0.05) and 3/30 (10 %) patients in the treatment group with CP, and 7/30 (23.3 %) patients in the control group during the follow-up period (p 1: 2 <0.05). PN relapses in patients in two groups with GP and CP are shown in Fig. 2.   Fig. 2 . PN relapses in patients in two groups with GP during the follow-up period: * -p<0.05
The above table shows that PN relapses were significantly lower in patients of the treatment group (p<0.05).
Based on the data of the dopplerographic examination of the renal arteries, the pathological increase in the values of the pulsation index (PI) (1.63±0.15) and the index of resistance (IR) (0.73±0.12) was observed in acute pyelonephritis, the increase in the velocity of blood flow was observed at the level of the renal artery and reached 417±29 mL. /min. Antibacterial therapy contributed to the recovery of renal blood flow and normalization of the parameters of IR and PI in both study groups (p1:2>0.5). After 30 days from the beginning of treatment of PN, in the treatment group the IR (0.59±0.04) and PI (1.12±0.13) values were within the physiological limits, while in the control group the IR (0.71±0.09) and PI (1.33±0.12) significantly exceeded the values of the treatment group, and their level indicated a high risk of relapse (p1: 2 <0.05). The velocity of blood flow at the level of the renal artery in the treatment group (Canephron N) was 283±28 mL/min, and in the control group -302±32 mL/min (p1: 2>0.5). After PN the risk of miscarriage was observed in 9 (7.5 %) pregnancies, the risk of preterm labour was diagnosed in 14 (11.7 %) pregnancies, which occurred in 3 cases (2.5 %). There were no side effects in pregnant women after administration of Canephron N, the patients mentioned good tolerability of the medicinal product.
Discussion
According to Patterson TF 1997 et al., the frequency of asymptomatic bacteriuria does not increase during pregnancy compared with non-pregnant women [4] , but physiological and anatomical changes that cause urinary stasis during pregnancy increase the risk of clinical manifestations of the disease [17] , especially in the middle of pregnancy [16] , and more commonly on the right [7] .
The average age of pregnant women at the time of diagnosing was 23±6.23 years, for 39 women (65 %) this was the first pregnancy, which was slightly less than in the Gilstrap LC 1991 study, in which 75 % of the cases were first-borns [9] .
Peculiarities of the disease pathogenesis suggest that neurohumoral factors along with the mechanical pressure of the enlarged uterus on the ureter play the key role in the occurrence of urinary hypotonia and urodynamic disorders. Hypotonia of the ureter combined with their obstruction by the enlarged uterus leads to urinary stasis, urinary stagnation in the ureter and the renal collecting system, and contributes to infection [14, 15] . In their studies Gilstrap LC et al. 2001 and Millar LK et al. 2003 showed maternal and foetal morbidity [8, 11] associated with pyelonephritis, fever in the first trimester of pregnancy during organogenesis was associated with teratogenicity, miscarriage and premature delivery.
In our study, E.Coli was cultured in 84.2 % (101 of 120) of cases, which corresponds to the previous international studies by Faundes A. et al. 2008 and Fan Y. D. et al. 2011 [7, 18] with 82 % sensitivity to ceftriaxone. GP treatment begins with the recovery of urine outflow from the kidney. For this positional therapy is used: patients are recommended to lie on the "healthy" side, with a raised bed on the side of the legs, to take the knee-elbow position. Sometimes this simple procedure alone leads to a reduction in the acuity of the kidney inflammation due to a decrease in the pressure of the enlarged uterus on the ureter. When the indicated conservative therapy is ineffective, and when the examination reveals a disorder in the urine outflow from the affected kidney, stenting of the ureter may be used. Typically, a stenting catheter is delivered to the renal pelvis without interference through the entire ureter, and the discharge of urine from the stenting catheter in frequent droplets or even in a stream starts at the height of 13-20 cm from the bladder, that is precisely at the level where the uterus presses the ureter to the narrowest area of bone pelvic ring. It is advisable to leave the stenting catheter for several weeks after delivery.
In parallel, if necessary, antibiotic therapy is used, for which the least toxic antibacterial drugs are chosen, especially before pregnancy 12 week. After pregnancy week 12, antibiotics may be used more widely, including aminoglycosides, etc. This is due to the fact that the anlage of the main body organs and systems is completed by the end of 12 week.
For the treatment of acute pyelonephritis in pregnant women, the EAU (2015, grade A) recommends the following: ceftriaxone 1-2 g IV or IM every 24 hours, aztreonam 1 g IV every 8-12 hours, piperacillin-tazobactam 3.375-4.5 g IV every 6 hours, cefepime 1 g IV every 12 hours, imipenem/cilastatin 500 mg IV every 6 hours, ampicillin 2 g IV every 6 hours, gentamicin 3-5 mg/kg/day IV at 3 doses.
Thus, today even acute severe pyelonephritis in pregnant women can be eliminated and is not considered to be an obstacle to a favourable pregnancy outcome and delivery. In most women, physiological changes on the part of the urinary tract due to pregnancy resolve after delivery without any consequences. Yet, in those who had acute pyelonephritis, urodynamic disorders do not resolve entirely in all cases. The most common consequence of this disease is chronic pyelonephritis, rarely -kidney stone disease (urolithiasis), and other diseases.
Consequently, pregnant women who have suffered from pyelonephritis, are significantly more likely to develop kidney disease due to a prolonged urodynamics disorder, in which postnatal pyelonephritis is detected in 25-30 % [16, 19] . Gestational pyelonephritis may develop in the postpartum period in the first days or weeks after childbirth, when the tonus of the urinary tract has not fully recovered.
The risk factors for the development of postpartum pyelonephritis include: pregnancy hormones (3 months) and dilated urinary tract (approximately 1.5 months); inflammatory diseases of the genital organs; complications in the postpartum period (hypotonia of the uterus, bleeding, etc.). In cases of post-natal pyelonephritis, a detailed urological examination is carried out, including X-ray and radioisotope studies, the purpose of which is to determine the state of kidneys and the urinary tract, as well as to identify or rule out any other causes of pyelonephritis -abnormalities of the urinary system, tuberculosis, kidney stones.
Pazos Otero N et al. (2007) have presented quite interesting results having studied the data from 4,700 pregnant women in 2004. The incidence rate of pyelonephritis was 0.21 %, with E.coli being the only pathogen inoculated in all cases. In all cases, the prognosis was favourable [17] .
Measures aimed at prevention of acute pyelonephritis in pregnant women are focused on two directions: preventive treatment of chronic urinary infection and the improvement of the outflow of urine from the kidneys by means of positional exercises: the periodic taking the knee-elbow position by the patient; the patient is also advised to lie only on the side opposite to the principal expansion of the renal pelvis, with a raised bed on the side of the legs. When performing such positional exercises, it is important that the patient is professionally instructed by the physician and the midwife observing the pregnant woman. In all the above mentioned positions, the pressure of the uterus on the urinary tract decreases, the urine outflow improves, the dilation of the renal pelvis decreases significantly. This is confirmed by ultrasonography, which is preferably used to control the prevention of pyelonephritis in pregnant women.
Gilstrap LC at all 2001 has reported that disease recurrence is observed in one-third of pregnant women with chronic urinary tract infections [9] . In our study, disease recurrence was observed in 10 % of patients with chronic pyelonephritis during the 90-day follow-up period.
Thus, the combination of antimicrobial and anti-inflammatory effects of the medicinal product Canephron N made it possible to significantly reduce the bacteriuria and the rate of disease recurrence in patients with gestational pyelonephritis and exacerbation of chronic pyelonephritis. Canephron N is an efficient herbal agent for treatment of inflammatory diseases of the urinary tract in pregnant women as it has a standardized composition, an optimal complex of effects required to treat chronic urinary tract infections in pregnant women. Most significantly, the diverse and wide range of herbal substances with antibacterial activity is significantly preventive in the development of bacterial resistance, and determines the efficacy of Canephron N used in the long-term preventive therapy.Yet, the absolute safety of administration of this herbal medicinal product in patients with urinary tract infections, and especially in pregnant women, is the primary advantage of Canephron N. 2. The plant-based medicinal product Canephron N significantly reduces the rate of relapse of the disease (1/30, 3.33 %) in GP patients in the treatment group (3/30, 10 %) vs. the patients in the control group by 3-fold during the follow-up period.
